INTRODUCTION
It has been suggested that fatigue damage to bone may provide a stimulus for remodeling activity associated with functional adaptation [1] , due to changes in the deformability and permeability (e.g. through the development of microcracks) of fatigued tissue. Since remodeling processes may be mediated by osteotropic agents, the concentration and distribution of such agents is likely to be a function of tissue perfusion as well as diffusive and convective conditions prevailing in the tissue [2] . Thus, we hypothesize that the aforementioned effects of fatigue loading may be related to changes in concentration of osteotropic agents resulting from altered interstitial fluid flow within damaged bone. This hypothesis was studied in a theoretical model of mass transport within cortical bone. Results were interpreted in light of microdamage observed as part of an experiment designed to evaluate fluid flow within cancellous and cortical bone in an ex vivo model of the sheep metacarpus [3] .
MATERIALS AND METHODS
The model geometry (cf. Fig.) was adapted from our previous work [2] ]. Diffusive and convective transport mechanisms were simulated in a system designed to model damaged tissue after fatigue loading. The concentration C(x,t) of a given molecular species was approximated as a function of distance from the central blood supply (Haversian canal) as well as cycle number. Diffusive and convective transport mechanisms were accounted for, whereby convection was calculated based on the deformations of the bone fluid spaces and diffusion was approximated with one-dimensional propagation and then solved numerically using the finite difference method as well as finite element methods (Marc/Mentat ® Heat Transfer Software). Parametric studies were carried out to analyze the response of the system to different inputs. The resulting changes in concentration in each lacuna were shown with respect to time, taking into account the potential effects the microcrack may have on the system, i.e.blocking (crack behaves as a wall), depleting (crack behaves as a sink), or reducing (crack behaves as a reservoir) the concentration gradient of a given molecular species. Concentrations were calculated as a function of cycle number for each scenario and were always compared with the concentrations calculated for undamaged bone.
Model Geometry with Haversian canal (H.C.), lacunocanalicular sytem, microcrack between lacuna 2 and 3 and a cement line (CL) at the outermost lacuna.
RESULTS
As has been shown in our previous work [1, 4] , convective transport via loadinduced fluid flow is paramount for adequate supply of metabolites and osteotropic agents to osteocytes situated far from the blood supply [1, 2] . Furthermore, the model predicts that areas damaged by fatigue loading experience a decrease in concentration of molecular entities provided by the blood supply when compared to the undamaged tissue (cf. Plots).
DISCUSSION
Microdamage was shown to exert a negative influence on molecular transport within the model tissue. In all scenarios analyzed, the lacunae between the microcrack and the cement line underwent the greatest decrease in concentration of molecular entities supplied via the blood, as compared with undamaged tissue. These theoretical results provided support for our basic postulate. Finally, we evaluated histological sections of tracer transport and the effects of microcracking based on experimental specimens prepared within the context of another experiment. In these sections, tracer was evident within microcracks. In some areas, the microcracks that exhibited tracer were neighboring areas of bone devoid of tracer. This provides a priori support for the analytical data showing that microdamage depletes the local surrounding, leaving osteocytes "downstream" from the damage in a state of deprivation. Since osteocyte apoptosis has been observed in vivo after fatigue and in association with remodeling [1, 5] , it is likely that the loss of fluid flow and ensuing compromise to molecular transport and exchange is a major mechanism causing loss of cell viability.
CONCLUSION
These are the first studies to our knowledge in which the effect of fatigue damage on load-induced fluid flow and transport processes associated therewith have been examined. In vivo experimental data will provide the quintessential validation of our postulate.
